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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic electroluminescence 
element, capable of taking out light with good efficiency from a positive electrode 
(pixel electrode), formed on a semiconductor base board and enabling proper 
voltage impression drive. 

SOLUTION: In this organic electroluminescence element 20, having a 
semiconductor base board 21, a transistor 22, an insulation layer 23, the positive 
electrode 25 connected to the transistor 22 through a contact hole 24 formed in 
the insulating layer 23, an organic electroluminescence film 26, and a negative 
electrode 27 are formed sequentially on the semiconductor base board 21, and 
light, emitted from the organic electroluminescence film 26, is extracted from the 
negative electrode 27 side. The positive electrode 25 is constructed " of a first 



conductor layer 25a, having high light reflectance and a second conductor layer 
25b which has a high work function value and high light transmittance. 
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LThis document has been translated by computer. So the translation may not 
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CLAIMS 
[Claim(s)] 

[Claim 1] A semi-conductor substrate, the transistor formed on said 
semi-conductor substrate, and the insulating layer formed as ** in said transistor, 
The anode plate which it is formed on the contact hole formed in said insulating 
layer, and said insulating layer, and is connected with said transistor, It has the 
organic electroluminescence film formed on said anode plate, and the cathode 
formed on said electroluminescence film. In the organic electroluminescence 
element which takes out the luminescence light from said organic 
electroluminescence film from said cathode side The 1st conductor layer which 
has connected said anode plate with said transistor, and has a high rate of a 
light reflex, The organic electroluminescence element characterized by having 
formed on said 1st conductor layer, having connected with said organic 
electroluminescence film, and constituting from a high work function value and 
the 2nd conductor layer which has high light transmittance. 



[Claim 2] A semi-conductor substrate, the transistor formed on said 
semi-conductor substrate, and the insulating layer formed as ** in said transistor, 
The anode plate which it is formed on the contact hole formed in said insulating 
layer, and said insulating layer, and is connected with said transistor, It has the 
organic electroluminescence film formed on said anode plate, and the cathode 
formed on said electroluminescence film. In the organic electroluminescence 
element which takes out the luminescence light from said organic 
electroluminescence film from said cathode side It has formed on the 1st 
conductor layer which connects said anode plate with said transistor, and said 
1st conductor layer. The organic electroluminescence element characterized by 
having connected with said organic electroluminescence film and constituting 
from a high work function value and the 2nd conductor layer which has a high 
rate of a light reflex. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the organic electroluminescence 



element which starts an organic electroluminescence element, especially has 
the suitable pixel electrode structure for the organic electroluminescence 
element of a active-matrix mold. 
[0002] 

[Description of the Prior Art] It has high-speed responsibility, applying light 
without an angle-of-visibility dependency to a personal digital assistant device, 
the display of a personal computer, etc. as a display device from the ability of 
light being emitted with a low power is examined, and the organic 
electroluminescence element (only henceforth an organic EL device) is put in 
practical use as a display device of the area color which combined the 
mono-color partially by the display panel for mounted audios. 
[0003] If the display device corresponding to the red (R) of an organic EL device, 
green (G), and blue (B) is combined, since a full color display is also possible, 
the examination about the organic EL device of high performance which carries 
out high brightness luminescence by low-battery drive is made variously. 
[0004] Drawing 1 is the outline sectional view showing the basic configuration of 
an organic EL device. An organic EL device 10 consists of what carried out the 
laminating of an anode plate 2, the organic electroluminescence layer (only 
henceforth an organic electroluminescence layer) 8, and the cathode 5 one by 
one on the transparence substrate 1. The anode plate 2 formed on the 



transparence substrates 1, such as glass, is a transparent electrode which has a 
large work function and consists of transparent matter (only henceforth ITO), for 
example, an indium-stannic-acid ghost. 

[0005] Although the organic electroluminescence layer 8 consists of an electron 
hole transportation layer 3 and a luminous layer 4, it has various configurations, 
such as a monolayer mold which consists of a single layer, and a laminating 
mold which consists of charge impregnation nature, charge transportability, and 
a layer according to a luminescent function. As an electron hole transportation 
layer 3, an aryl diamine compound is used, for example. 
[0006] As a luminous layer 4, even a low-molecular ingredient and a metal 
complex are broadly used from the polymeric materials which have fluorescence, 
and wet methods, such as spreading from a solution, or dry process, such as 
vacuum deposition, are chosen with an ingredient as the forming method. Here, 
there is a tris (eight quinolinol) aluminum organometallic complex (only 
henceforth Alq3) as an example of the luminous layer 4 of electronic 
transportability. 

[0007] As cathode 5, it has a small work function, for example, the 
silver-Magnesium alloy film is formed. The electron hole poured in from the 
anode plate 2 of the ITO film is carried through the electron hole transportation 
layer 3, and is poured into the luminous layer 4 of electronic transportability, and 



if an electrical potential difference is impressed from a power source 6 between 
an anode plate 2 and cathode 5, on the other hand, the electron poured in from 
the cathode 5 of the silver-Magnesium alloy film will move in the inside of the 
luminous layer 4 of electronic transportability, and in a luminous layer 4, an 
electron and an* electron hole will carry out both association, and will emit light. 
[0008] The light emitted from this luminous layer 4 lets the transparent anode 
plate 2 and the transparence substrate 1 pass, and is taken out outside. The 
luminescent color at this time is monochrome luminescence depending on the 
luminescent color of a luminous layer 4, and, in Alq3, is green luminescence. 
[0009] 

[Problem(s) to be Solved by the Invention] The passive matrix (it indicates to 
JP,2-37385,A) and the active matrix (it indicates to JP.5-1 07561 ,A) are 
considered as an approach of performing image display, using such an organic 
EL device. 

[0010] In a passive matrix, the brightness of required luminescence will also 
increase proportionally, there are problems, such as component degradation by 
the increment in power consumption and the increment in a current, and it is 
unsuitable to high definition image display as the number of scanning lines 
increases, since it becomes a line sequential drive theoretically. On the other 
hand, in an active matrix, since the frame center time point LGT of each pixel 



can be carried out, need brightness is equivalent to practical use brightness, and 
good. Although the configuration which forms the thin film transistor for switching 
which connects with an organic EL device corresponding to a pixel on a glass 
substrate is common in an active matrix, there is dispersion in the property of a 
thin film transistor, and there is a problem in which the drive current to an organic 
EL device differs. 

[0011] On the other hand, if an MOS transistor is formed in a substrate, using 
single crystal silicon as a substrate, although the variation in the transistor 
characteristics for switching could be controlled, as it mentioned above, a 
luminescence side will be a substrate side conventionally, but since the light 
transmittance of the single crystal silicon of the thickness which has sufficient 
reinforcement is small when using single crystal silicon as a substrate, it is 
necessary to make a luminescence side into the opposite side a substrate side. 
Therefore, it becomes the configuration which was shown in drawing 1 and 
which carries out the laminating of cathode, an organic electroluminescence 
layer, and the anode plate one by one on a substrate contrary to a configuration. 
[0012] However, it is a good property, i.e., although the ITO film used as an 
anode plate is formed by the sputtering method, moreover, it is transparent, and 
resistivity is low, a serious damage joins the organic electroluminescence film 
used as a substrate, and it is known for membrane formation conditions for a 



work function to form the high ITO film that good luminescence will not be 
obtained. 

[0013] On the other hand, when the organic EL device of a configuration of 
having been shown in drawing 1 is formed on a single crystal silicon substrate 
and permeability forms the metal membrane which constitutes cathode in the 
thinness obtained to some extent, the organic EL device of the active matrix 
which has a uniform property which takes out luminescence light to a substrate 
and the opposite side is indicated by S.R.Forrest and others (Appl. Phys.Lett. 
vol.68, pp2606). 

[0014] the following and its part - an outline is explained. Drawing 4 is the 
fragmentary sectional view showing the pixel polar zone in the organic EL device 
of the conventional example. As shown in drawing 4 , the organic EL device 30 
is formed on the silicon substrate 21. MOS transistor 22 is formed in the silicon 
substrate corresponding to the pixel. In S, a source electrode and G show a gate 
electrode and D shows a drain electrode, respectively. The insulating layer 23 is 
formed as ** in MOS transistor 22, the contact hole 24 to which this is exposed is 
formed on the drain electrode D, and the ITO film 35 of the predetermined 
configuration which is an anode plate and serves as a pixel electrode was 
formed in the wall surface of an insulating-layer 23 top and a contact hole 24, 
and has connected with the drain electrode D. 



[0015] The laminating of the cathode which consisted of metal membranes 
which penetrate the organic electroluminescence film and light which are not 
illustrated on this ITO film 35 is carried out, and the organic EL device is formed. 
If a predetermined electrical potential difference is impressed between the ITO 
film 35 and the cathode which is not illustrated, luminescence light will be 
obtained and outgoing radiation will be carried out from a cathode side also 
including a part to reflect by the silicon substrate 21. However, in the silicon 
substrate, light was absorbed and the technical problem that the extraction 
effectiveness of light was bad occurred. 

[0016] Moreover, when the numerical aperture of a pixel is taken into 
consideration, the smaller one as much as possible of a contact hole 24 is good 
here. However, when the contact hole became small and the ITO film was 
formed by the sputtering method, the film did not accumulate on the interior of a 
contact hole in good step coverage, but the specific resistance of the ITO film 
became high, and the technical problem that the good current drive to an organic 
EL device was not performed occurred. Moreover, similarly, since good step 
coverage is not obtained, an up electrode (cathode) and a lower electrode 
(anode plate) short-circuit, and the organic electroluminescence film formed all 
over a contact hole also generates the problem by which a component is 
destroyed. 



[0017] Like [ a work function is large, and / although noble metals, such as the 
gold and platinum which are a metallic material with a high reflection factor, 
iridium, and palladium, can also be used / when forming these film by the 
sputtering method ] the above-mentioned ITO film as an anode material, the film 
did not accumulate on the interior of a contact hole in good step coverage, but 
contact resistance became high, and the technical problem that the good current 
drive to an organic EL device was not performed occurred. 
[0018] Then, this invention solves the above-mentioned technical problem, and 
in an organic electroluminescence element, it aims at offering the organic 
electroluminescence element which can perform a good 
electrical-potential-difference impression drive while it takes out light at good 
effectiveness from the anode plate (pixel electrode) formed on a semi-conductor 
substrate. 
[0019] 

[Means for Solving the Problem] As a means for attaining the above-mentioned 
purpose, the 1st invention A semi-conductor substrate, the transistor formed on 
said semi-conductor substrate, and the insulating layer formed as ** in said 
transistor, The anode plate which it is formed on the contact hole formed in said 
insulating layer, and said insulating layer, and is connected with said transistor, It 
has the organic electroluminescence film formed on said anode plate, and the 



cathode formed on said electroluminescence film. In the organic 
electroluminescence element which takes out the luminescence light from said 
organic electroluminescence film from said cathode side The 1st conductor layer 
which has connected said anode plate with said transistor, and has a high rate of 
a light reflex, It is the organic electroluminescence element characterized by 
having formed on said 1st conductor layer, having connected with said organic 
electroluminescence film, and constituting from a high work function value and 
the 2nd conductor layer which has high light transmittance. 
[0020] Moreover, the transistor by which the 2nd invention was formed on the 
semi-conductor substrate and said semi-conductor substrate, The anode plate 
which is formed on the insulating layer formed as **, and the contact hole formed 
in said insulating layer and said insulating layer, and connects said transistor 
with said transistor, It has the organic electroluminescence film formed on said 
anode plate, and the cathode formed on said electroluminescence film. In the 
organic electroluminescence element which takes out the luminescence light 
from said organic electroluminescence film from said cathode side It has formed 
on the 1st conductor layer which connects said anode plate with said transistor, 
and said 1st conductor layer. It is the organic electroluminescence element 
characterized by having connected with said organic electroluminescence film 
and constituting from a high work function value and the 2nd conductor layer 



which has a high rate of a light reflex. 
[0021] 

[Embodiment of the Invention] Hereafter, a desirable example explains with 
reference to a drawing about the gestalt of operation of this invention. In addition, 
it is [0022] which gives the same reference mark to the same configuration as 
the configuration of the conventional example, and is omitting the explanation 
about the reference mark since explanation is simple. It is the fragmentary 
sectional view showing the pixel polar zone [ in / <example> drawing 2 , and / in 
drawing 3 / the example of the organic EL device of this invention ]. [ the outline 
plan of the example of the organic EL device of this invention ] [ ** Li ] As shown 
in drawing 2 , the pixel 12 consists of what has been arranged in the shape of a 
matrix on the active-matrix substrate 1 1 with which the capacity (not shown) in 
which the organic EL device 20 of a active-matrix mold accumulates the 
transistor and signal for switching was formed, and the signal line 15 which 
supplies the selection line 13 and video signal for choosing these as each pixel 
is connected. In addition, although the case of four-line ten trains is shown as 
matrix arrangement of a pixel for the simplicity of a display, the pixel of a 
predetermined number is arranged in fact here in every direction, respectively. 
[0023] 1 pixel of an organic EL device 20 is shown in drawing 3 , and MOS 
transistor 22 is formed on the single crystal silicon substrate 21. In MOS 



transistor 22, in S, G shows a gate electrode and D shows a drain electrode for a 
source electrode, respectively. On the MOS transistor, the insulating layer 23 
which consists of Si02 with a thickness of 200nm is formed, and the contact hole 
24 for performing contact to the pixel electrode 25 and the drain electrode D to 
an insulating layer 23 is formed. 

[0024] Here, metal-electrode layer 25a with which a contact hole 24 is filled up 
among the pixel electrodes 25 is formed by carrying out the spatter of the 
aluminum film with a thickness of 200nm. By using aluminum film for 
metal-electrode layer 25a, it is on the electrical-potential-difference drive of an 
organic EL device 20, and the specific resistance of metal-electrode layer 25a 
deposited on the side-attachment-wall part in a contact hole 24 can be held 
down to satisfactory level. Moreover, contact resistance with the drain electrode 
D and metal-electrode layer 25a can be further made small here by adopting the 
reflow process after a spatter, in case aluminum film is formed, or forming 
aluminum film by CVD. Moreover, when metal-electrode layer 25a becomes flat, 
the reflection factor of a pixel and a numerical aperture improve. 
[0025] On metal-electrode layer 25a, with a thickness of 30nm ITO film 25b is 
formed, and the pixel electrode 25 consists of two-layer [ of this metal-electrode 
layer 25a and ITO film 25b ]. Although aluminum which constitutes 
metal-electrode layer 25a has a small work function, since the work function is 



large, the hole injection to electron hole transportation layer 26a which 
constitutes the organic electroluminescence film 26 arranged on ITO film 25b 
and which consists of alpha-NPD, for example of ITO film 25b becomes possible. 
Here, alpha-NPD is a 4 and 4' bis[ - ] [N-(1-NAPUCHIRU)-N-FENIRU-amino] 
biphenyl abbreviated name. 

[0026] Next, the organic electroluminescence film 26 is formed on the pixel 
electrode 25. That is, the silicon substrate 1 1 in which even the pixel electrode 
25 was formed is performed in isopropyl alcohol, plasma washing for 1 minute is 
performed in the oxygen plasma of 200W after ultrasonic cleaning and 
desiccation, and it sets into organic electroluminescence membrane formation 
equipment (it is a vacuum evaporation system). Alpha-NPD was formed for the 
vacuum evaporation system at the rate of 0.2nm/s with the resistance heating 
method after evacuation to 10-4Pa level, and electron hole transportation layer 
of 70nm of thickness 26a was formed. 

[0027] On electron hole transportation layer 26a, luminous layer [ an electronic 
transportation layer-cum-] 26b was formed. That is, Alq3 was formed for the 
vacuum evaporation system at the rate of 0.5nm/s with the resistance heating 
method after evacuation to 10-4Pa level, and luminous layer [ the electronic 
transportation layer of 50nm of thickness-cum-] 26b was formed. Furthermore, 
the electron hole blocking layer (not shown) and the lithium fluoride film (not 



shown) with a thickness of 1nm which consist of BASOKYU pro in film with a 
thickness of 12nm are formed, and the organic electroluminescence film 26 is 
obtained. Here, the BASOKYU pro in film was formed and 0.2nm/s and the 
lithium fluoride film were formed with the evaporation rate of 0.02nm/s. 
[0028] On the organic electroluminescence film 26, the cathode 27 which 
consists of aluminum film with a thickness [ of a predetermined configuration ] of 
lOnm is formed, aluminum film formed membranes at the rate of 3.5nm/s with 
the vacuum deposition method. Cathode 27 can be formed without giving a 
damage to the lower organic electroluminescence film by forming aluminum film 
with vacuum evaporation technique. In addition, the reliable organic EL device 
20 is obtained by performing formation from electron hole transportation layer 
26a to aluminum film (cathode 27) in a vacuum one by one, without putting to 
atmospheric air. 

[0029] Although the organic EL device of this example serves as luminescence 
light drawing to the opposite side from it being luminescence on the single 
crystal silicon substrate 21 in a silicon substrate 21, a hole injection can also be 
made good while contact to MOS transistor 22 for switching can be taken by low 
resistance, since the pixel electrode 25 used as an anode plate is made the 
two-layer configuration of metal-electrode layer (aluminum film) 25a and ITO film 
25b. Since luminescence light reaches aluminum film 25a through ITO film 25b, 



and it is reflected, without being absorbed here and it is emitted outside, optical 
drawing effectiveness is good. Since aluminum film which forms cathode 27 is 
made into predetermined thickness, while penetrating light with predetermined 
permeability, good contact can be taken between the organic 
electroluminescence film 26. Moreover, when the pixel electrode (lower 
electrode) 25 becomes flat, the reflection factor of a pixel and a numerical 
aperture improve, and also the organic electroluminescence film 26 formed on 
the pixel electrode (lower electrode) 25 is also formed evenly, and the short 
problem of cathode (up electrode) 27 and the pixel electrode (lower electrode) 
25 is solved. 

[0030] Here, although the case where ITO film 25b constituted the two-layer eye 
of the pixel electrode 25 was explained, it may replace with this and indium oxide, 
a zinc oxide, and oxidization zircon may be used. Moreover, the two-layer eye of 
the pixel electrode 25 is replaced with ITO film 25b, the value of a work function 
is an ingredient 4.8eV or more, and a conductor with the high rate of a light reflex, 
for example, gold, platinum, iridium, and palladium may be used. In this case, 
since it is reflected by the metal of the conductor which constitutes the two-layer 
eye of a pixel electrode and the luminescence light from the organic 
electroluminescence film is emitted outside from a cathode side, the optical 
drawing effectiveness of luminescence light is good. 



[0031] 

[Effect of the Invention] As explained to the detail above, the organic 
electroluminescence element of this invention The 1st conductor layer which 
according to the claim 1 publication has connected the anode plate with the 
transistor and has a high rate of a light reflex, By having formed on said 1st 
conductor layer, having connected with the organic electroluminescence film, 
and having constituted from a high work function value and the 2nd conductor 
layer which has high light transmittance While taking out light at good 
effectiveness from the anode plate formed on a semi-conductor substrate, it is 
effective in the ability to offer the organic electroluminescence element which 
can perform a good electrical-potential-difference impression drive. 
[0032] Moreover, the organic electroluminescence element of this invention The 
1st conductor layer which connects an anode plate with a transistor according to 
the claim 2 publication, By having formed on said 1st conductor layer, having 
connected with the organic electroluminescence film, and having constituted 
from a high work function value and the 2nd conductor layer which has a high 
rate of a light reflex While taking out light at good effectiveness from the anode 
plate formed on a semi-conductor substrate, there is effectiveness offer the 
organic electroluminescence element which can perform a good 
electrical-potential-difference impression drive and that things can be carried 



out. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view showing the basic configuration of an 
organic EL device. 

[Drawing 2] It is the outline plan showing the example of the organic EL device of 
this invention. 

[Drawing 3] It is the fragmentary sectional view showing the pixel polar zone in 
the example of the organic EL device of this invention. 

[Drawing 4] It is the fragmentary sectional view showing the pixel polar zone in 
the organic EL device of the conventional example. 
[Description of Notations] 

1 [ - A luminous layer, 5 / - Cathode, ] -- (transparence) A substrate, 2 ~ An 
anode plate, 3 - An electron hole transportation layer, 4 6 [ - An organic EL 
device, 11/-- Active-matrix substrate, ] - A power source, 7 - Luminescence 
light, 8 - An organic electroluminescence layer, 10 12 [ - An organic EL device, 
21 / - Silicon substrate, ] - A pixel, 13 - A selection line, 15 - A signal line, 20 



22 [ - A pixel electrode, 25a / - A metal-electrode layer, 25 b--ITO film, 26 / - 
The organic electroluminescence film, 26a / - An electron hole transportation 
layer, 26b / - An electronic transportation layer-cum-a luminous layer, 27 / - 
Cathode, 30 / - An organic EL device, 35 / ITO film (anode plate). ] - An MOS 
transistor, 23 - An insulating layer, 24 - A contact hole, 25 



